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Abstract: Moiré superlattices in two-dimensional van der Waals heterostructures exhibit a wealth of physical phe-
nomena, significantly expanding the research scope of twistoptics. By precisely tuning the interlayer twist angle,
Moiré superlaltices can generate unique electronic, excitonic, and optical properties, such as band flattening, strong
correlation states, topological states, and chiral optical responses. These characteristics open new opportunities for
novel optoelectronic devices, single-photon sources, exciton lasers, and quantum computing platforms. This review
systematically summarizes recent advances in twisted photonics of Moiré superlattices, covering the fabrication meth-
ods, exciton behaviors, nonlinear optical effects, nanoscale spectroscopy, and electric field tunability. The potential

applications in future optoelectronics and quantum technologies are also discussed.
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Fig.1 Schematic of a twisted Moiré system in two-dimen-
sional materials. (a) Illustration of the geometric
structure formed by rotating the top and bottom layers
relative to each other with a twist angle 6 around the
vertical axis. (b) Corresponding first Brillouin zones
showing the twist angle 6 of K-points between the two

layers
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Fabrication techniques for the Moiré superlattice. (a) Dry transfer technique for small-angle twisted bilayer graphene via
stepwise pick-up and rotational stacking'™’. (b) Wet transfer-assisted centimeter-scale MoS> homostructure with precise
angle stacking (0°=30°)"". (¢)CVD growth of arbitrary-angle bilayer graphene based on pre-rotated Cu(111) substrate

angle replication strategy’””. (d) Turbulence-induced nucleation reconstruction strategy for wide-range twisted MoS;

growth™'. (e)Gas flow rate perturbation-controlled homo-site nucleation growth of commensurate-angle MoS; bilayers'®
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Fig.3 In situ angle control techniques for the Moiré superlattice. (a) AFM-based dynamic rotational control of twist angle”*”. (b)

MEMS-based on-chip platform for multi-degree-of-freedom control™"
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Fig.4 Optical properties and tunability of Moiré excitons. (a)Band modulation in a Moiré superlattice and the formation of inter-

layer excitons'™., (b)Reflection spectra of WSe2/WS, heterostructures at different twist angles, confirming the presence of

Moiré exciton states ( I =11 )" (¢)Modulation of the excitonic optical selection rules by the Moiré potential in a MoS2/

2

WSe: heterostructure™. (d) Circularly polarized photoluminescence spectrum and degree of polarization variation of a

1°-twisted MoSe2/WSe» heterobilayer under circularly polarized excitation

13 (&) Circularly polarized photoluminescence

characteristics of interlayer valley excitons trapped in a Moiré potential in a 2°-twisted MoSe»/WSe» heterobilayer'"”. (f)

Temperature-dependent optical properties of Moiré excitons trapped in different types of potential wells™™. (g) Gate volt-

age control of valley polarization at different twist angles'
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Fig.5 Phonons in the Moiré superlattices. (a)—(c) Hyperspectral Raman imaging for spatial mapping of Moiré superlattices ™.
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(d) Phonon renormalization in reconstructed MoS, Moiré superlattices™. (e) Moiré phonons in twisted bilayer MoS,*".

(f) Twist-angle-dependent phonon hybridization in WSe»/W Se> homobilayers'
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